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The driving force behind SiGe development is the potential for high frequency and
high power devices that provide comparable functionality as more expensive
semiconductors such as InP and GaAs, but at a much lower cost. Additional advantages
are the potential for incorporating SiGe devices onto monolithic Si chips and fabricating
entire systems, such as receiver front-ends or RF power amplifiers, on a single chip. The
work reported in this paper summarizes the materials and simulation aspects of a much
larger project, which will eventually lead to SiGe HBT amplifiers with output powers
greater than 1 W and over 35 dB gain at X-band frequencies. To achieve these goals,
accurate analysis of the materials properties, especially in the base region, and highly
refined amplifier design procedures must be established. In this paper we report the
precision that may be obtained using optical ellipsometry to monitor the base and emitter
thicknesses and Ge content of the base. We also report the extent of crystalline
degradation in state-of-the-art SiGe films with high Ge contents. The objective of this
work is to access the materials quality of HBT structures, and then use this data to model
how various defects impact device performance, and which defects are most likely to
limit high power and/or high frequency performance.

Addition of Ge into the base enables bandgap engineering, but also creates a variety of
materials variables that need to be controlled. The crystalline quality of SiGeC films and
extent to which strain is relaxed at the SiGeC/Si interfaces is critically important for
device operation, since these parameters directly influence hole injection efficiency,
recombination rate, and thus transistor gain. High resolution x-ray diffraction (HRXRD)
of SiGeC/Si films with total SiGeC thicknesses = 250 A) showed that the crystalline
quality of the base layers progressively degraded with increasing Ge contents, but
interfacial strain was maintained. The HRXRD data is summarized in figure 1.

Secondary ion mass spectroscopy is widely used to characterize the doping
concentration and thickness of semiconductor films. Although SIMS is accurate, it is
also slow, expensive and destructive, and thus is not appropriate for use in a production
environment. On the other hand, optical ellipsometry is fast, inexpensive, and non
destructive. One of the primary goals of this work is to compare the measurements
obtained using SIMS and ellipsometry, and establish the feasibility of using ellipsometry
to monitor base layer properties such as film thickness and Ge concentration. A
schematic diagram of our initial HBT structure is illustrated in figure 2. We analyzed a
series of films using both SIMS and ellipsometry, and discovered that the two techniques
yield essentially the same film thickness and Ge concentrations; data comparing SIMS
and ellipsometric measurements are summarized in table 1. Measurements were taken on
four different films, obtained from a commercial vendor (not a coauthor). The nominal
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emitter and base thicknesses for each film were 2000 A and 200 A, respectively, but the
actual thicknesses varied. We conclude that ellipsometry is a highly useful tool for
monitoring the layer thicknesses and Ge contents of HBT structures. Furthermore, SiGe
processing for high Ge content films is still a sufficiently difficult process that monitoring
of film quality is required in order to achieve high power, high frequency devices on a
routine basis.
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Table 1. Comparison of ellipsometry and SIMS results.
Sample tsi, A tsice (FWHM), A Ge conc., at. %
Nominal] SIMS| Ellips., Nominal| SIMS| Ellips.{ Nominal] SIMS| Ellips

2000 24351 2519 300 255 231 25 20 21.2
2000 2415 2516 300 317 332 25 208 | 202
2000 1430 | 1493 300 234 208 25 232 244
2000 1505 | 1659 300 280 255 25 234 | 228
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